? OIKOS sive. For example, studies of the habitat niche may become complicated by the changing physiological tolerances of a plant as it matures. Thus, aspects of the habitat and regeneration niches must often be analyzed in concert to understand plant-environment relationships. Nevertheless, Grubb's concept of the plant niche can serve as a conceptual focus for detailed studies of species-environment relationships.
The physiological limits of a plant are often broad when considered over the life span of a long-lived individual, however, its sensitivity to environmental factors changes with age (Parrish and Bazzaz 1985). The aboveground portion of a tree will encounter different light, humidity, and wind conditions as it grows from the herbaceous layer into the canopy. The physical environment to which the tree is subjected at any stage in its life cycle will affect continued survival of the individual. To some extent, this represents the environmental sieve defined by Harper (1977) . Therefore, it is important to analyze the habitat niche for different stages in the life cycle of a long-lived plant. Most analyses of species niche focus on adults, thus ignoring the important earlier stages of the life cycle. Here we analyze some physical aspects of the habitat of one year old tree seedlings in an oak-pine forest in the New Jersey Pine Barrens. After germination, seedling mortality is high (Good and Good 1972 ) and the physical habitat surrounding a seedling contributes to the probability of long-term survival. In this paper we describe and compare the habitat of seedlings of six tree species. To do so we apply methods used in animal habitat analyses (e.g., James 1971, Dueser and Shugart 1979, Collins 1983 ) to study aspects of the plant niche defined by Grubb (1977) . Such an approach permits quantification of habitat structure and variation associated with the location of individuals of a species. Also, this type of analysis permits interspecific comparisons without invoking the a priori assumption that interspecific competition governs species distributions. When performed on large geographic patterns, James et al. (1984) call this method a quantification of the Grinnellian, as opposed to the Hutchinsonian (1978) niche. The specific objective here is to provide a first step toward understanding the abundance of tree seedlings in oak-pine forests of the New Jersey Pine Barrens. The results are extended to two other oak-pine stands in an effort to explain, in part, seedling abundance in a broader context.
Materials and methods

Study area
The New Jersey Pine Barrens (Pinelands) cover an area of about 445,000 ha on the outer Coastal Plain of southern New Jersey. Throughout its history, the vegetation of the Pinelands has been subjected to natural and maninduced disturbances, in particular, fire (Little 1979a) and logging (Wacker 1979 ). Many of these disturbances have been reduced during the 1900's and natural vegetation has returned to most of the disturbed sites (Robichaud and Buell 1973). Nevertheless, the large-scale pattern of vegetation in the region is attributed mainly to past and current disturbances (Little 1979a ), although soil moisture and texture gradients probably interact with fire to produce the regional vegetation pattern (Whittaker 1979 ). The general ecology of the Pinelands has been well described (Forman 1979 ), but detailed data on the ecology of some community-types and species characteristics are lacking (c.f. Buell and Cantlon 1950).
Field methods
Three oak-pine stands in the north-central Pinelands, all within 3 km of each other, were selected for analysis of tree seedling density and habitat structure. Stands 1 and 2 were located in Lebanon State Forest in vegetation subjected to periodic prescribed burning. Stand 3 is a forest fragment in the Lebanon Lake Estates development that has been isolated by paved roads for at least 15 yr. Tree species composition and importance in each stand were determined by the point-centered quarter method (Cottam and Curtis 1956) based on 30 (Stand 3) or 40 (Stands 1 and 2) points per stand. Tree seedling density was determined by counting the number of tree seedlings that occurred in 100 (Stand 3) or 150 (Stands 1 and 2) randomly located 0.5 m2 quadrats.
In Stand 1, habitat structure was measured for 25 individuals of six tree species: Quercus alba, Q. coccinea, Q. prinus, Q. velutina, Pinus echinata, and Sassafras albidum. Twenty-five samples per species were recorded because they provided adequate replication while allowing rapid measurement under uniform conditions. All measurements were conducted from late July to early August 1984. Seedlings were selected for analysis by locating the individual nearest to a randomly located point. Random points were located by walking a specified distance along a transect and tossing a wire stake in a random direction and distance from the transect line. Seedlings were aged by searching for terminal bud scale scars and several individuals were excavated (after environmental measurements) to determine if they originated from seeds or root sprouts. Root sprout data were not included in any analyses. Unlike pines, it is difficult to age oak seedlings (Merz and Boyce 1956), but based on bud scale scars and excavation, we are confident that most of the oak seedlings we sampled were less than two years old.
Nine habitat variables (Tab. 1) were recorded at each point by centering a 14 cm diameter circular quadrat on each randomly located seedling. This size quadrat is small enough to incorporate the environment immediately surrounding a seedling and it is large enough to include several measurable environmental parameters.
Within each quadrat, moss cover, lichen cover and percent ground layer cover were visually estimated. Litter OIKOS 48:1 (1987) Tab. 1. Nine variables used to describe the habitat structure of one year old tree seedlings in an oak-pine forest. Stepwise discriminant function analysis maximizes the distances between predefined groups while minimizing within-group variance. Samples for each species are treated as one group. In this study, DFA was used to indicate which combination of the nine habitat variables could best discriminate the habitat of the six species. In addition, DFA conducts an a posteriori test to determine the group in which each sample has the highest probability of membership. If samples of species A are consistently reclassified as members of species B and vice versa, then the general habitat structure surrounding these two species is similar. The efficacy of the DFA classification matrix was assessed with Cohen's Kappa statistic (Titus et al. 1984 ). This statistic is a measure of the degree to which the DFA classification matrix is better than a randomly constructed matrix.
Once the general characteristics associated with the habitat of one year old tree seedlings have been identified, an analysis of habitat structure in other forests may explain variation in tree seedling density among stands. Both univariate and multivariate methods were employed to produce such an analysis with the Pine Barrens data set. Statistical relationships among the variables measured at randomly located points in three stands were assessed by ANOVA and Duncan's multiple range test. Although multivariate analyses do not always permit the determination of the contribution of each variable, they have the advantage, lacking in univariate test, of combining all variables into one analysis.
OIKOS 48:1 (1987)
For this study, standardized data recorded at the 75 randomly located points (25 points from each of three stands) were subjected to PCA and DFA. PCA was used to produce gradients of habitat structure based on the variables measured at each random point. The random point samples were then projected onto the PCA axes which were defined by a combination of habitat variables. The distribution of random samples in habitat space was summarized by 95% concentration ellipses. This provides a graphic description of the habitat gradients available for seed germination and seedling establishment in each stand. The DFA was used as before to determine which combination of habitat variables best distinguishes the microhabitat structure among the three stands.
Results
Seedling habitat analysis
The same tree species occurred in each of the three stands, but species importance values were variable among stands (Tab. 2). Quercus coccinea was uncommon in Stands 1 and 2 which may have limited the distribution and abundance of Q. coccinea seedlings in these stands. The other tree species, however, had a frequency value greater than 30.0 indicating that each species occurred at about one-third of the sample points. Thus, adult distribution for most species is unlikely to have limited the distribution of seeds and seedlings within each stand.
Based on the average habitat variables for each species (Tab. 3), it is clear that differences exist in the habitats of these tree seedlings. In particular, a considerable range of average values between species is evident for nearest neighbor distance, moss cover, light, canopy cover, and ground cover. Although most average values had large standard errors, five of the eight variables tested were significantly different among species. Differences in nearest neighbor distance and moss cover were induced primarily by large values for Quercus coccinea and Pinus echinata, respectively. In contrast, litter depth, canopy cover, and light appear to show a pattern of continuous variation among the tree species.
Principal components analysis produced four factors with eigenvalues greater than 1.0 that accounted for a total of 74.2% of the variance in the original matrix (Tab. 4). Axis I defined the primary habitat gradient separating areas with dense ground and total cover from areas with high light, more moss and lichen cover, and distant nearest neighbors. Axis II separated microhabitats with high canopy and total cover, and shallow litter layers from areas with less cover and deep litter. Axis III also reflected a plant cover gradient. In this case, when nearest neighbor distance was low, cover of ground layer vegetation was extensive but canopy cover was reduced. This might indicate increased density of ground layer species in canopy openings. Finally, Axis IV separated sites based on canopy type (deciduous or coniferous) and light.
Distribution of the species in the space defined by the first two principal components (Fig. 1) shows that most random points occurred in habitats with high amounts of ground, canopy, and total cover. The distribution of seedlings, on the other hand, was generally different from the random points. Tree seedlings tended to occur in areas with less total cover than the random points. Fig. 1) , it is not surprising that the DFA could not derive a well-defined habitat type for this species. Although the PCA also indicated variable habitat for P. echinata, 16 of the 25 samples were correctly classified as pine habitat by the DFA. In fact, this was the only species with zero values in the classification matrix; therefore, although the habitat of P. echinata is heterogeneous, it can be distinguished from the habitats of Q. coccinea and S. albidum. Given the degree of microsite variation in this stand, the habitat breadth of one year old tree seedlings is large, but even so, habitat requirements of some species are sufficiently precise that the amount of suitable habitat in a stand may affect seedling abundance, recruitment, and species diversity.
Stand habitat analysis
Seedling density of several species did, in fact, differ among the three forest stands (Tab. 5). In particular, density of Pinus spp., Q. velutina, and Q. prinus seedlings was lowest in the forest fragment that had not been recently burned (Stand 3). The lower density may reflect between-site differences in the amount of habitat suitable for seedling establishment. Based on measurements at randomly located points in each stand, litter depth, ground cover, and total cover were significantly greater while nearest neighbor distance and percent light were significantly lower in the forest fragment compared with the other two stands (Tab. 6). Principal components analysis of the stand habitat data set produced three factors with eigenvalues greater than 1.0 (70.4% of the variance, Tab. 7). Axis I defined a cover-litter depth-light intensity gradient. Where cover values for each stratum were large, a deep litter layer developed and light intensity was reduced near the forest floor. Axis II again indicated that light intensity was negatively correlated with canopy and ground cover. Axis III was based on differences in canopy type between stands. The distribution of samples in the space defined by the first two principal components (Fig. 2) showed that samples from Stand 3 occurred at the high percent cover-deep litter layer end of the first axis, whereas samples from Stands 1 and 2 occurred more toward the higher light end of this axis. Axis II separated samples from Stands 1 and 2 based on light intensity which was generally lower in the former stand. Based on size of ellipses, habitat heterogeneity was greatest in Stand 1 because it had several samples with high moss and lichen cover and no litter layer. Tab 
Discussion
Based on the habitat variables measured in this study, it is clear that microhabitat gradients occur in the forest Tab. 6. Means of nine habitat variables measured at 25 random points in three oak-pine forests in the New Jersey Pine Barrens. lieve that together, the habitat variables we measured provide a rough but general description of the physical and biotic heterogeneity in the microsites surrounding one year old tree seedlings. Differences among species in litter depth, light and nearest neighbor distance correlate with physical, resource and competitive gradients along which the distribution of seedlings appears to be non-random (Fig. 1) . The statistical analysis (e.g. ANOVA) of random versus occupied habitat is both unjustified and precarious. At least some and possibly all random points could occur in areas suitable for establishment of seedlings. Also, even though a seedling may not occur at or near a random point, it does not necessarily imply that this microhabitat is unsuitable for seedling growth. Differences exist in the number and composition of seedlings among oak-pine stands (Tab. 5). This may reflect the composition and abundance of adults for species such as Q. coccinea, but canopy individuals of the other species were widely scattered throughout each stand (Tab. 2). In addition, seed distribution is unlikely to be limited by adult distribution in animal dispersed species such as Quercus and Sassafras.
Clear differences in microhabitat exist among the stands, as well (Tab. 6). Several variables including litter depth, ground cover, and total cover are significantly higher in Stand 3 than in Stands 1 and 2. Many fewer seedlings of Pinus, Q. prinus and Q. velutina occur in Stand 3. This stand is a forest fragment that has been isolated from the main body of the Pine Barrens by paved roads for at least 15 yr. Such a narrow barrier would appear inconsequential relative to seed dispersal or population structure. The roadway, however, provides an unnatural fire break and, in effect, serves to disrupt the natural disturbance regime characteristic of Pine Barrens forests (Little 1979b ). Reduced fire frequency rapidly leads to increased shrub cover and deep litter layers (Little and Moore 1949). Pines require a mineral seedbed and reduced litter layer for germination and survival (Little 1979b) . Some oak seedlings, on the other hand, had high survivorship when the litter was 2.5-5.0 cm deep (Wood 1938). This effect of litter is not uniform among oak species, apparently, because only Q. coccinea and Q. alba appeared to be unaffected by the litter depth (X = 6.2 cm) and vegetation cover gradients in Stand 3. Seedling densities of Q. prinus and Q. velutina were reduced in Stand 3 relative to the other stands.
Our habitat analysis for plants is similar to that used by Mann and Shugart (1983) in their study of four species of Galium. They noted niche differentiation among species based on canopy density, litter type and overstory type. Canopy and litter were important variables in our study, however, our methods differ in scale. Mann and Shugart (1983) included large-scale features of the environment where populations of Galium occurred. We assessed only aspects of the physical environment immediately adjacent to one year old tree seedlings. We believe this constitutes a more direct approach to the analysis of the regeneration niche of plants (Grubb 1977) .
Obviously, the suite of variables measured for this study does not incorporate the complete environment in which a seedling occurs. Numerous other microsite factors including soil depth, moisture, nutrients and pH along with wind speed, humidity, microtopography, predation, etc., affect seed germination and seedling establishment. Soil nutrient, moisture, and pH values tend to fluctuate over short time periods within a growing season (Lockman and Molloy 1984) . Indeed, these variables are altered by the presence of an actively growing tree seedling. Thus, although these factors may have an important impact on seedling survival, their adequate measurement relative to germination is difficult. In addition, the importance of soil nutrients may be buffered at this stage of the life cycle by the seed reserves provided in large-seeded species such as Quercus and Sassafras. Soil depth and microtopography have been found to be important within-community variables affecting the distribution of herbaceous species (Bratton 1976 , Thompson 1980 ), however, these factors are relatively invariant in the Pine Barrens. Upland soils of the Outer Coastal Plain of New Jersey are generally level, deep, well drained, coarse sands; large rocks are rare (Tedrow 1979) .
The use of individually-centered samples has not been widely applied in plant ecology (Turkington and Harper 1979, MacMahon et al. 1981 ) despite their utility for addressing patterns at the population and community levels. Quadrat size and habitat variables could be selected for appropriate measurements in different systems (e.g. microhabitat patterns among spring ephemerals). When used in conjunction with ordinations, the individually-centered sample approach may facilitate the development of suitable hypotheses for the experimental analysis of the species regeneration niche (Grubb 1977) . In this study, we determined microenvironmental variation along axes which can display niche differentiation based on a subset of easily measured physical and biotic variables. It is clear that one year old tree seedlings show fine-scale microhabitat differentiation among species. In addition, the absolute number of seedlings differs between forest stands. This difference is due, in part, to dissimilar microhabitat gradients between forest stands.
